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Peer-Reviewed Conference Proceeding publications (other than abstracts):
not listed Abstract: Colloidal Isopressing is a new shape forming method that requires a pre-consolidated slurry with a flow stress much less than that of a commercial throwing clay (< 0.1 MPa), so that it can be injected into a rubber cavity and isopressed. It is shown that the desired interparticle pair potential can be achieved with a commercial silane for a commercial Si 3 N 4 aqueous slurry (NT 154-X12) containing densification aids. Unlike previous work, this silane has a relatively short molecular length and unlike previous results, the addition of salt was not needed to shorten the molecule and achieve the rheological behavior after pre-consolidation. The results of this study also show that the transition from a fluid-like to elastic-like behavior after consolidation was related to the relative density achieved during the preconsolidation step, which was dependent on the consolidation pressure.
Adsorption of Soluble Silica Species on Alumina Powders and Vice Versa
Biao Liu, Xiaojun Liu, Carl D. Meinhart, and Fred F. Lange Technical Report, Thesis Chapter to be published Abstract: In an effort to texture a glass surface with alumina particles, we found that positively charged alumina particles were only attracted to the negatively charged silica substrates in aqueous solution for a very short period although the pH was between the iso-electric-point (IEP) of alumina and silica. Instead, experiments show that the glass surface attracted the dissolved species of alumina, which made the surface repel the alumina particles. It was observed that the IEP of the glass, which was exposed to the supernatant of centrifuged alumina particles, shifted toward the IEP of alumina: the magnitude of the shift depended on the concentration of the dissolved alumina, and vice versa for the IEP of the alumina exposed to a supernatant formed with glass powder. Therefore after a short exposure to an alumina slurry, the glass surface 'look' look like alumina, and the electrostatic attraction between glass and alumina particles will no longer exist.
Increasing Wet Green Strength of Alumina Body During Microfabrication by Colloidal Isopressing
Zhuo Zhang, Biao Liu and Frederick. F. Lange Published: J. Am. Ceram. Soc., 88 [6] 1411 -1414 (2005 Abstract: Colloidal Isopressing involves formulating a slurry with a weakly attractive particle network that can be pre-consolidated to a high relative density by pressure filtration and still retain fluid-like characteristics. The pre-consolidated slurry is injected into an elastomeric mold and isopressed. Isopressing rapidly convert the slurry into an elastic body that can be removed from the mold without shape distortion. Not only is this process rapid, but since the water saturated compact produced by this method does not shrink during drying, it can also be converted into a dense body without a long drying period.
It is demonstrated that micron-size surface features, such as 5 µm wide channels with a depth/width ratio of 2, can be rapidly produced on the surface of alumina powder compacts. It was shown that surface features of this size were enabled when the saturated, isopressed body was strengthened. Namely, the fracturing of thin vertical portions of a micro patterned surface during pressure release and demolding is an obstacle to obtaining micron size features with high aspect ratios. It was shown that concentration controlled gelation of a PVA-Tyzor  TE additive effectively increased the strength of the elastic, isopressed body, saturated with water, while maintaining the low viscosity of the pre-consolidated body, which is required for transfering the pre-consolidated slurry into a rubber mold prior to isopressing. Abstract: During microfabrication of ceramics by the Colloidal Isopressing method, cracks were a major problem when features with high aspect ratios were molded into the surface. Since differential strain recovery (different elastic expansion of the polymer mold material relative to the consolidated powder compact) is one cause of stress that introduces cracks during pressure release, the strain recovery of the consolidated alumina body was investigated. Spheres of different materials with different elastic moduli were embedded within a pre-consolidated slurry and isopressed at different pressures. The strain recovery of the powder compact was also measured via a uni-axial compression test. Results showed that cracks did not form when the elastic moduli of the inclusions were greater than 3 GPa. Inclusions were made by consolidating wax (low modulus) and aluminum (high modulus) powers so that the elastic modulus of the composite was large enough to avoid crack during pressure release. The wax was removed via a low temperature heat treatment. This heat treatment also strengthened the powder compact so that the residual alumina powder could be removed by dissolving in a weak acid. Internal cavities could be formed in dense ceramics by this method. Abstract: The stability of wetting states, namely the Cassie state (partial wetting) and the Wenzel state (complete wetting) of surfaces with protrusions, is determined by comparing the total free energy of a liquid drop in terms of their apparent contact angles for different protrusion features. It is found that when the area fraction of the topographical features and the intrinsic contact angle for a flat surface are large, the Cassie state is favored, but it can be either the metastable or stable state. It is shown that the transition from the Cassie state to the Wenzel state requires the application of a pressure to the meniscus between the surface protrusions. The critical transition pressure increases not only with increasing area fraction and intrinsic contact angle, but also with decreasing protrusion size. During the transition, a high-pressure gas can be trapped around the protrusions that can cause the Cassie state to be recovered after the release of the applied pressure. The analysis shows that a droplet can 'hang' upside-down when the protrusion size is very small; namely, the protrusions can pin the meniscus. These results are discussed relative to the advancing and receding contact angle. The rheological properties of aqueous alumina slurries consisting of two interpenetrating particle networks, one produced with strongly attractive particles, and other, produced with repulsive particles, were studied. The repulsive particle network was formulated by first alkylating the particles with either decanol or octadecanol, and then dispersing the dried, alkyalted powder in water using a cationic surfactant, C12TAB. The attractive network was formulated in water at the isoelectric point of alumina. It was shown that the viscosity, at any give shear rate, increased with the volume fraction of the attractive network. Although the repulsive network exhibited Newtonian rheology, the mixed networks were shear rate thinning. Bodies consolidated from slurries formulated with octadecanol-alkylated powder and C12TAB exhibited a slightly higher relative density than their decanol-alkylated counterparts. In addition, bodies consolidated from decanol-alkylated plus C12TAB treated powder slurries were observed to undergo plastic deformation, whereas consolidated bodies from octadecanol-alkylated plus C12TAB slurries were brittle and fractured during loading. The plastic and brittle nature of the consolidated bodies is discussed relative to the length of the attached alkyl chain. Finally, it was shown that the yield stress of bodies consolidated from the mixed network increased with the volume fraction of the attractive network. 
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